nured fields from contamination with enteric bacteria. Escherichia coli is a commonly employed indicator of The E. coli strain used for testing the inhibitory potential E. coli in stored swine manure slurry.
Microbiological Methods
rates, the odor-controlling agents would not be effective at suppressing
The E. coli strain used for testing the inhibitory potential E. coli in stored swine manure slurry.
of the manure odor control agents was isolated from stored manure slurry from a finishing swine operation in southwestern Ontario, Canada. A sample was plated onto Endo Agar I n many areas of Canada and elsewhere, livestock (Merck, Darmstadt, Germany) , and a clone with the characterproduction is being intensified at the same time as istic green metallic sheen was picked, purified on Endo Agar, agricultural areas are being urbanized. These developand identified as E. coli with standard taxonomic tests (Ger- ments are increasing concerns about water and air qual- hardt et al., 1994) . The strain, designated Ec33, was routinely ity in proximity to livestock farms. In the swine industry, maintained on Luria-Bertoli agar (LBA). Cells to be used for inhibition assays were grown overnight in trypticase soy broth the common practice is to clean the barns and handle the (TSB) at 44ЊC to an optical density (600 nm) of 1. Cells were animal wastes as a slurry, consisting of water (typically harvested by centrifugation at 10 000 ϫ g, and resuspended 90-95% v/v), feces, urine, and feed particles. A major in sodium metaphosphate for addition to manure slurry. Inocenvironmental and social issue with the swine industry ulum densities were adjusted on the basis that an absorbance is the control of malodorous emissions from the slurry at 600 nm of 1 corresponded to a cell density of 1 ϫ 10 9 colony during storage and following land application. There forming units per milliliter (determined by plate counts on are a number of commercial products that claim to limit trypticase soy agar).
odor from manure, some that are used as feed additives
Escherichia coli was enumerated on either eosin methylene and some that are added to manure in the holding tanks blue (EMB; Difco, Becton Dickinson, Sparks, MD) agar or (Zhu et al., 1997a,b; McCrory and Hobbs, 2001 facturer's recommended concentrations, and the serum bottles Some commercial odor control agents also claim to were sealed and incubated at 44ЊC with agitation. Samples were taken periodically for enumeration as described above.
reduce or eliminate microbial pathogens present in swine manure slurry. Clearly, reducing the concentrations of potentially pathogenic bacteria in manure would be an Chemical Analyses attractive feature of an odor-controlling agent, reducing ity to EnviroPur.
All treatments were in duplicate or triplicate, and data in
The odor control agents generally had little significant figures are expressed as mean Ϯ standard deviation. Statistieffect on the Eh or pH of the manure slurry. At the cally significant differences, considered to be at the P Ͻ 0.05 start of the incubations, the manure slurry microcosms probability level, were established by subjecting data to a one-(n ϭ 22) had an Eh of Ϫ273 Ϯ 5 mV and a pH of 7.5 Ϯ way analysis of variance (ANOVA) test.
0.1. Following 24 d of incubation, the Eh was Ϫ387.6 Ϯ 6.2, and pH 8.59 Ϯ 0.05. The Eh in the EnviroPur-treated
Results and Discussion
manure slurry at the end of the incubation (Ϫ400 Ϯ 3 mV) was significantly lower than the mean across all When added to TSB cultures at recommended rates, other treatments. The basis for this small difference in there was no effect of any of the odor control agents on redox potential due to EnviroPur is not known, but it viable populations of E. coli (data not shown). However, is unlikely to be responsible for the observed result, when added at rates 10-fold higher than those recomparticularly in light of EnviroPur's toxicity to E. coli mended by the manufacturer, the EnviroPur product in TSB. reduced viable populations of E. coli (Fig. 1) . None of Analysis by mass spectrometry revealed that Envirothe products inhibited growth of E. coli to the maximum Pur contained a complex mixture of polyethoxylates yield of 10 10 colony forming units/mL, but EnviroPur based on C6, C7, and C8 alkyl phenols (alkyl phenol greatly accelerated the decline in viable populations polyethoxylates, APEs) and on ethylene glycol monothereafter. After 72 h of incubation, a number of other methyl ether. The major use for APEs is as surfactants, products reduced the viable populations somewhat in important to a number of industrial applications includcomparison with untreated controls, but only marginally ing pulp and paper, textiles, coatings, agricultural pestiso. Likewise, there was no effect of any of the odorcides, lube oils and fuels, metals, and plastics. The mixcontrol products on persistence of E. coli when added ture probably contains alkylphenols, but this was not to manure slurry at concentrations recommended by determined. the manufacturers for odor control (data not shown). However, when added to manure slurry at rates 10-fold Octylphenol is weakly estrogenic, and it is considered an endocrine-disrupting substance (White et al., 1994) . typical of manure storage lagoons. However, at the manXenoestrogenic alkylphenols such as octyl-or nonylpheufacturer's recommended concentrations, none of the nol are products of the incomplete breakdown of APEs manure odor control agents tested were effective in reduring anaerobic sewage treatment (Giger et al., 1984) . ducing viable populations of E. coli. The manure slurry Although 4-nonylphenol is rapidly degraded in soil we chose for this study had a solid matter content below (Topp and Starratt 2000), the disposition of alkylphenols that typically seen in slurries from many swine operaduring manure storage and following application of mations, and it is highly likely that at higher organic matter nure to soil may be an environmental consideration. contents sorption will further reduce the effective conThis study revealed that under laboratory conditions, centration of these agents. These considerations reduce EnviroPur odor control product applied at rates 10-fold higher than those recommended by the manufacturer could eliminate viable populations of E. coli in swine slurry at a range of temperatures that encompass those Agents were added at concentrations that were 10 times those recommended by the manufacturer. The detection limit for added at concentrations that were 10 times those recommended by the manufacturer. the enumeration was 10 3 cells/mL.
